ss Epidemiology: Incidence, Mortality,
Long-term Outcomes, and Cost
There is a paucity of literature reporting incidence, mortality, longterm outcomes, and associated costs of care for SS. Although there have been new International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnostic and procedure codes added in recent years in response to increasing interest in tracking SS treatments and associated outcomes, it remains an understudied area. While using coding algorithms to pattern SS, definitions will miss patients where coding is incomplete. However, the selected (coded) patients have been shown to have a clinical course similar to patients studied prospectively .1,5 Important trends may be observed in descriptive administrative research. Despite the dearth of literature, a few reports provide a broad description of SS rates and associated costs of care. Hospital incidence is estimated to be 2 to 4 cases per 100 discharges, with resulting mortality of 30% to 50%. 1 Due to the frequent manifestation of underlying comorbidities identified in SS populations, incidence and mortality may be increased relative to those SS patients without significant comorbid illness. [6] [7] [8] [9] Because reported incidence is believed to increase rapidly beyond the age of 60 years, a generally younger, healthier managed care population would be expected to experience less-severe sepsis. However, as patient case-mix changes and managed Medicare membership increases, evaluation of underlying comorbidity may be considerably more important when determining appropriate patient care.
Few studies address long-term outcomes for those who have survived a sepsis episode. It was estimated in a Veterans Affairs cohort that sepsis increased the risk of death in the first year following the acute event and probably for as long as 5 years. The 50% reduction in lifetime survival was determined based on a decrease from 8 to 4 years. 9 The magnitude of survival reduction may be smaller in a younger sample and should be evaluated in a more contemporary critical care environment.
In 2003, epidemiological analyses were conducted by Martin et al. using the National Hospital Discharge Survey (nonfederal acute care hospital data). While the primary focus of this study was to determine the occurrence of all sepsis cases (e.g. septicemia and SS) in the United States from 1979-2000, SS subanalyses were conducted as well. Over the 21-year period, an 11% increase in SS was observed, and organ failure occurred more frequently (34%), with a cumulative effect on mortality. Reported outcomes by Martin et al. support and validate existing published literature. 5 A managed care population with continuous eligibility allows for estimation of 1-year (3, 6, 12 months) survival as well as subsequent hospitalization and health care costs. We chose to make comparisons of hospital costs and resource use of SS patients with those from Angus et al., given the similar end points evaluated. These 1995 data reported by Angus et al. showed average hospital costs of $22,100, increasing to $29,900 for patients requiring an intensive care unit (ICU) stay and $30,800 for surgical patients. 1 Mortality and costs associated with SS affect patients, hospitals, and payers. With a focus on improved patient care and mounting budget pressures, hospitals and managed care organizations (MCOs) will be increasing the attention given to the care of patients with SS.
The incidence, mortality, and cost of SS are high in the United States. With managed care demographics changing and enrollment increasing, further research evaluating the characteristics of SS in diverse patient groups is needed.
ss Methods
This study was a retrospective, administrative claims analysis using enrollment information, physician, facility, and pharmacy claims from enrollees in 16 IPA network plans (does not include managed Medicare) located in various states throughout the Midwest, Northeast, Southeast, and Western United States. This study used data for services or products provided to these MCO enrollees between July 1, 1995, and December 31, 1999. Total health plan enrollment during the time period used to identify study patients (July 1, 1995, to December 31, 1998) was 5.4 million. Data from the National Death Index (NDI) for the years 1995-1999 were used to confirm inpatient hospitalization and to identify death outside of hospitalization. In the case of death outside the hospital stay, the NDI data provide both identification and confirmation of patient death. 
Population
Enrollees were included as study patients if they were hospitalized for SS at least once during the patient identification period. SS was defined based on the presence of ICD-9-CM diagnosis codes for both infection and organ dysfunction during the same hospitalization. We used a modified list of ICD-9-CM codes from Angus et al. to eliminate relatively infrequent and unusual infection codes. 1 Patients were retained for analysis if their health plan coverage included a pharmacy benefit and if they were continuously enrolled for the 6 months prior to their index hospitalization and until their death or the end of a 365-day period following the index admission date (whichever occurred earlier). NDI data were used to confirm in-hospital deaths and identify patient death during the remaining postdischarge period.
Administrative claims information regarding health services costs and utilization for the 6 months prior to admission for the index hospitalization for SS and for up to 365 days following the admission date of the index hospitalization for SS were used in the analysis.
The incidence of hospitalization for SS during the patient identification period was calculated (per 1,000 health plan enrollees) prior to the application of continuous enrollment or pharmacy benefit requirements.
Measures
Several measures characterizing the index hospitalization for SS were defined. Site(s) of organ dysfunction (cardiovascular, respiratory, hepatic, renal, neurologic, hematologic) were defined based on ICD-9-CM codes in the primary or secondary position on hospital claims. Surgical and medical status was determined based on the presence of ICD-9-CM or current procedural terminology (CPT) codes. 1 Length of stay (LOS) was calculated and the discharge diagnostic-related group (DRG) identified. Time in either an ICU or coronary care unit (CCU) was calculated, and status at discharge from the index hospitalization for SS was identified using hospital claims. Comorbid conditions present during the index hospitalization were identified based on the presence of ICD-9-CM diagnosis codes on hospital claims (Table 2) . 10, 11 Multiple measures of health service costs and utilization were identified to describe hospitalization costs for this SS sample. Defined costs are "costs-paid" data, which represent costs paid to the provider by the health plan, after subtraction of copays and deductibles paid by the patient; none of these patients were enrolled in provider-capitated IPA health plans. Total costs for the index hospitalization for SS were also calculated for all patients. For patients who survived the index hospitalization for SS, the following cost and utilization variables were calculated for the period following discharge: number of rehospitalizations for any reason, number of rehospitalizations with infection and organ failure (suggesting SS), number of outpatient visits, costs for outpatient visits, total medical costs, total pharmacy costs, and costs for all outpatient services (including outpatient visits, ER visits, and pharmacy costs). Because 1-year mortality leads to varying lengths of postindex observation, per-patient-per-month (PPPM) rates of utilization and costs for services were calculated for selected postdischarge variables. Postindex observation is defined as "up to 365 days following the first day of the SS admission." Selected postdischarge variables are defined as those that did not include emergency room (ER) visits/costs or inpatient visits/costs. PPPM amounts are presented for number of outpatient visits, costs for outpatient visits, medical costs (ER costs + outpatient visit costs + inpatient costs), pharmacy costs, and total outpatient costs (ER costs + outpatient visit costs + pharmacy costs).
Statistical Analyses
Health service costs and hospital LOS were the primary outcomes variables of interest. Comparisons across subgroups were conducted using parametric and nonparametric tests based on the distribution of the data. T tests and Mann Whitney U. tests were used to compare continuous outcome measures across dichotomous patient subgroups. Tests of multiple comparisons of means (Ryan-Einot-Gabriel-Welsch [REGW]), which controlled for Type I error, were used to compare continuous outcome measures across population subgroups with multiple categories (age bands).
ss Results
Index Hospitalization
Incidence. The unadjusted incidence of hospitalization for SS among the 5.4 million MCO enrollees was 0.91 cases per 1,000. Age-and gender-specific incidence rates per 1,000 were highest in older age groups, increasing from less than 1 per 1,000 enrollees for patients under age 50 years to 3 to 4 per 1,000 in patients aged 50 years and older ( Figure 1 ). After the application of continuous enrollment requirements, the study population consisted of 2,834 patients. The mean age in the study population was 50 years, and 53.1% were male; 16.5% of the patients were aged 65 years or older. The most frequent underlying comorbid conditions were related to diseases of the circulatory and respiratory system, affecting 76% and 73% of patients, respectively. Approximately 63% of patients were surgical, 64% received ICU and/or CCU care, and 47% of the survivors were rehospitalized in the year following the index hospitalization. Descriptive characteristics are provided in Table 3 .
Mortality. In-hospital mortality for the index SS hospitalization was 20.6% (Table 4 ). An additional 6.9% of patients died at 3 months, increasing mortality to 27.5%. Mortality continued to increase by 4.1% between 3 and 6 months and 4.5% more between 6 months and 1 year, with respective mortality rates rising to 31.6% and 36.1%. The odds of death during the 12 months following admission were not significantly different between males and females (odds ratio (chi square [X 2 ] = 118.79, P < 0.001). Table 5 details the odds of death for each age band. ORs in the table are the odds of death in the age band compared with the odds of death among patients in the 0 to 17 years age band. Not presented in this table are results that indicate that, with the exception of the 18 to 34 versus 0 to 17 year-olds, each successive age band has a significantly higher odds of death (P < 0.0001; not shown) than the previous band.
Hospital resource use and costs. Mean hospital LOS and costs for patients during the index hospitalization were 16.1 days, with an average cost of $26,820 (± 55,900) higher costs for those with surgical intervention ($38,036 versus $7,532, P < 0.001) and hospital nonsurvivors ($36,602 versus $24,287, P < 0.001) ( Tables 6 and 7 ). During the index hospitalization, there was no statistically significant difference between males and females in LOS or costs (16.3 days versus 15.6 days, P = 0.425 and $25,900 versus $27,631, P = 0.41). LOS for the first hospitalization differed by age, with patients in the youngest age band (< 18 years) having significantly longer LOS than the oldest age band (80+ years, 18.2 days versus 11.5 days, P = 0.012). However, no differences in LOS were observed across other age bands. Patients in the youngest age band (< 18 years) had costs for the index SS hospitalization ($56,629) that were significantly higher than costs for all other age bands. Hospitalization costs for patients in the 18 to 34, 35 to 49, and 50 to 64 years age bands ($34,576, $29,371, and $25,678, respectively) were significantly higher than costs for patients in the 65 to 79 and 80+ years age bands ($11,697 and $4,574, respectively) (REGW, P < 0.05), although this may be due, in part, to coordination of benefits with Medicare for patients aged 65 years and older. As defined in the "Measures" section, the costs included in this study are costs paid to the provider by the health plan after subtraction of member copays and deductibles. Medicare-covered costs would, therefore, be excluded.
Mean hospital LOS and costs for patients who spent time in an ICU and/or CCU during the index hospitalization were 20 days and $36,218, and the difference in costs among nonsurvivors ($41,074) and survivors ($34,420) was not statistically significant (P = 0.059). Surgical patients had significantly longer LOS ( Figure 2 ) and higher costs (Figure 3 ) than medical patients during the index hospitalization (21.1 days versus 7.2 days, P < 0.0001 and $38,036 versus $7,532, P < 0.0001) across all age bands, with higher costs for nonsurvivors ($45,096 versus $35,766, P = 0.011).
Status upon discharge. The patient status field on hospital claims indicates status upon discharge, and patient death was verified by the NDI. Approximately 21% of patients died during the index SS hospitalization. The discharge status of 2% of patients was unknown. Fifty-one percent were discharged to home or self care, 13% were discharged to home with home care, and 13% were discharged or transferred to another facility (Figure 4 ).
Postindex Hospitalization Follow-up Period
Twelve-month resource use and costs. While many studies may use medians to describe "typical patient costs," we chose to use means as the primary description and median values as the secondary description of the data. This was done to facilitate better understanding of the variability of cost and LOS due to high acuity and mortality. Mean costs appear highly skewed compared with the median costs. However, given the highly variable SS disease process and high mortality, we believe mean costs best represent the "average" for this patient population.
Patients were followed for 12 months from hospital admission or until death, whichever occurred first. Various costs and utilization variables were analyzed by survival status during the postdischarge period. The mean number of all-cause rehospitalizations and associated costs were higher for nonsurvivors than survivors $5,882, P = 0.976) although the number of outpatient visits was significantly greater for survivors because of increased opportunity to attend visits (30.7 visits versus 20.4 visits, P < 0.001). Mean total outpatient costs (sum of costs for ER visits, costs for outpatient visits, and pharmacy costs) were similar for survivors and nonsurvivors ($8,522 versus $7,710, P = 0.274), while PPPM outpatient costs were significantly greater for nonsurvivors ($1,760 per month versus $699 per month, P < 0.001). Postdischarge utilization by survival status is presented in Table 8 . Subjects who died during the study period had less opportunity (time) to seek outpatient care and therefore had lower total outpatient costs. Medical costs, (the costs of all nonpharmacy health services: ER costs + outpatient visit costs + inpatient visit costs) during the postdischarge period were significantly higher for nonsurvivors than survivors ($32,474 versus $18,425, P< 0.001). PPPM outpatient costs, outpatient visit costs, and pharmacy costs were lower for survivors than for nonsurvivors. One-year inpatient (including index hospitalization) and outpatient costs totaled $48,996.
ss Discussion SS affects a diverse, heterogeneous population. Such heterogeneity can lead to variable diagnosis, treatment, cost, and clinical outcomes. Until recently, attention regarding SS has been given to older populations, particularly over the age of 65 years receiving Medicare benefits. Although incidence increases with advancing age, younger patients do develop SS. Given a generally younger and healthier demographic profile in non-Medicare-managed care plans, descriptive study of SS in such populations may elucidate risk patterns that assist in planning for clinical care of affected patients. In 1999, the estimated average cost of all-cause hospital admissions from this MCO' s commercial population was $6,160, while the average SS hospital admission cost was $28,820. Clearly, SS consumes significant resources even in a younger, managed care population. With changing case-mix due to shifting demographics as the population ages, MCOs may see increased coordination of benefits with Medicare, meaning patients will draw benefits from 2 sources: a managed care supplement and from Medicare. Combined with availability of new technologies, these factors make understanding of changes in disease incidence, resource use, and costs of care of increasing interest in the administrative and clinical environment.
SS incidence (0.91 per 1,000), in-hospital mortality (21%), and 1-year mortality (36%) in this managed care sample were lower than rates reported in other retrospectively and prospectively defined populations. 1, 6, 8, 12, 13 However, the higher rate of SS in patients who received surgical intervention, a high rehospitalization rate (47.1%), and high hospital and follow-up costs suggest the need to further investigate the special needs of SS patients in managed care plans.
Information regarding hospital resource use and costs associated with the care of SS patients is limited. Angus et al. provide a comprehensive retrospective evaluation of resource use and costs associated with the care of SS patients in a large nationally representative sample. Consistent with our findings, Angus et al. found estimated mean length of stay for nonsurvivors and survivors to be similar, with considerably higher costs for nonsurvivors. Although results are comparable in the 2 studies, consideration must be given to the average age difference between the 2 populations (in the Angus et al. study, the average reported age was 14 years older than in our managed care sample) as well as cost reporting definitions and study time frame. Angus et al. reported costs based on total charges converted to costs using published composite cost-tocharge ratios in year 1995 only, while the costs in our sample are total plan costs, which represent the cost paid to the provider by the health plan after subtraction of member copays and deductibles, for the time period from 1995-1998. The differences may be attributed to several factors. All PROWESS patients received ICU care and 75% had 2+ organ dysfunctions, while 64% of managed care patients in our study received ICU care and 30% had 2+ organ dysfunctions. Given the high rate of organ dysfunction in the PROWESS trial, mortality may have occurred early, reducing costs compared with the generally younger managed care patients with fewer organ dysfunctions and longer LOS. While overall LOS was similar for the 2 populations PROWESS nonsurvivors had a shorter LOS than nonsurvivors in our cohort. When PROWESS patients were compared with managed care patients in our study who received ICU care, LOS was similar for survivors, with a longer LOS for survivors in each population. However, costs remained higher for PROWESS survivors, while managed care costs were not different by survival status. Rehospitalizations were also more frequent and more costly for nonsurvivors than for survivors in the managed care cohort in our study. Again, the severity of illness as determined by number of organ failures may indicate early death and lower costs for PROWESS nonsurvivors.
When evaluating results from retrospective and prospective studies, the nature of the sample selection, cost definition, and study time frame must be kept in mind. In the PROWESS clinical trial sample, costs are total 28-day costs from randomization using itemized charges converted to costs using department cost-to-charge ratios in year 2000 dollars, which are different from the calculations in our study and in Angus et al. Further research and validation is necessary to bridge the gap in identification of SS patients and determination of the cost-of-care retrospectively versus prospectively.
ICU care is a common component of care for SS patients. While other studies report that slightly more than 50% of SS cases required ICU care, more than 60% of our managed care patients received ICU care. 1, 15 High SS rates in patients with surgical intervention may indicate an increased need for ICU care. The demand for more resources may be due to surgery recovery treatment norms or the direct result of the level of care required to support the SS sequelae, thereby incurring higher costs. Because temporal relationships (using ICD-9-CM coding within a hospitalization) cannot be defined in our administrative data set, explanation for the increased need for ICU care is speculative. Despite these differences, the proportion of patients with an ICU stay for this sample is similar to that seen in Angus et al. Patients with an ICU stay in each study had a total average LOS exceeding 20 days. Costs for these patients were also similar, despite the earlier date of the Angus et al. work. 1 This managed care sample, however, has shorter reported average LOS and costs for those not requiring ICU care, possibly due to less variance in this younger group of patients. For patients who required either ICU or CCU care, the hospital costs were not different between 
Age Group
Note: The cost of the first severe sepsis hospitalization is markedly lower in the age bands 65+ years. As mortality increases with age (Figure 1) , patients spend fewer days in the hospital (Figure 2 ) and subsequently incur fewer costs (Figure 3 ).
s Surgical s Nonsurgical survivors (mean $34,420) and nonsurvivors (mean $41,074, P = 0.059) ( Table 7) .
All survivors of an index hospitalization for SS have the opportunity to obtain outpatient care, incurring costs subsequent to hospitalization. However, depending on patient demographics, comorbid conditions, and severity of the septic episode, outcomes and costs may differ, particularly if the patient is near death. Such variability is represented in the difference between mean and median per-patient costs (as observed in Tables 6, 7 , and 8). Because patients who died during the study had less time to seek outpatient care, it would seem that they would have lower total costs. However, their outpatient visits were statistically fewer, they had more ER visits and greater ER costs, and total outpatient costs did not differ (Table 8 ). Prior to the death of a nonsurvivor, however, resource demand was high, as represented in higher PPPM costs. For example, all-cause rehospitalizations and associated medical costs were higher for nonsurvivors than survivors in this managed care cohort, suggesting that the nonsurvivors were more severely ill and more resource-intensive prior to death. Due to the lack of published literature reporting long-term outcomes and costs, it is difficult to make further comparisons.
Limitations
The findings of our study are subject to the vagaries of using claims data to define a clinical condition that is hard to define prospectively and particularly difficult to define retrospectively. While temporal relationships may be identified using ICD-9-CM codes and CPT codes in hospital administrative data with automated records, we did not have access to hospital medical records or other clinical datasets to better determine the clinical detail that would allow for this determination of temporality. However, we believe the application of this algorithm is a useful proxy in the absence of a single identified code for SS, given that no single code was available when data were collected. We utilized identified ICD-9-CM codes in a managed care administrative dataset. To select patients in a more conservative method, we required that both infection and acute organ failure must occur within the same hospitalization and be coded as such. Temporality could not be identified; therefore, we do not know if the infection came before or after the organ dysfunction. We recognize that this algorithm may lead to "false positives," or inclusion of patients with coded infection and organ failure who do not have true SS; however, it is also likely that there are many "false negatives" when additional coding is limited due to space constraints or realization of reimbursement.
Ollendorf et al. challenge the use of administrative data for "sepsis" surveillance or research planning. Without a code for SS, coding may be inconsistent, as revealed in their study. 16 Retrospective identification of SS without a specific code is not perfect, but it allows a more timely description and evaluation of the estimated impact of SS on a managed care sample during the initial planning and adoption period for new therapeutic advances. The relevant question to consider is how well the presence of infection and organ failure in a single hospital stay describes the resource needs in the event these identified cases do not provide adequate clinical proxy for SS. With the recent approval of an ICD-9-CM code for SS (995.92) various coding schemes can be eliminated, and accurate identification of these patients in future research is anticipated. 17 Data used in our analyses were collected from 1995-1998. With the entrance of new drugs to market, such as linezolid for bacterial infections in 2000 and drotrecogin alfa activated for SS in 2001, more treatment options are now available to treat patients with infection and subsequent acute organ failure. Unfortunately, because the number of SS patients in a managed care population is relatively small, it may take several years to assess the impact of new technologies on outcomes and the use of these data in evolution of the standard of care.
Limitations are probable in the evaluation and comparison of prospective clinical research and retrospective database analyses. Study design, patient population, cost definitions, and study duration must be considered in critical evaluation. Important differences exist between this study, the Angus et al. study, and the PROWESS clinical trial. Our retrospective database study included MCO members hospitalized for SS between July 1995 and December 1998. Measured costs are total plan costs, which represent costs paid to the provider by the health plan after subtraction of member copays and deductibles (Medicare-covered costs not included). Angus et al. retrospectively studied all discharged hospital patients identified from the discharge data from 7 state hospitals in 7 U.S. states in the year 1995. Reported costs were based on total charges, converted to costs using published composite cost-to-charge ratios. 1 In the PROWESS study, patients with SS were randomized into a double-blind, placebo-controlled clinical trial. Reported costs were total 28-day costs from randomization using itemized charges converted to costs using departmental cost-tocharge ratios in year 2000 dollars. 13 Administrative claims have expected limitations. The degree to which claims data can accurately capture an individual medical history is imperfect. This data set was not designed primarily for research. While these data are excellent for understanding "real-world" patterns of utilization and cost, they are subject to possible coding errors, undercoding, and coding for the purpose of ruling out conditions (e.g., pancreatitis, acute renal failure) rather than actual disease. 18 Despite its limitations, administrative data remain a useful data source to estimate answers to questions such as those arising after the introduction of a new agent. These data allow for the examination of health care utilization and expenditure patterns in a real-world setting, away from the highly controlled environment of the clinical trial.
The data used for this study come from a managed care population. Therefore, results of this analysis are primarily applicable to the treatment of severe sepsis in a managed care environment. MCO health plans included in this analysis, however, are discounted fee-for-service and not capitated or gate-keeper models. The wide geographic distribution across the United States may allow generalization to managed care populations on a national level.
ss Conclusions
While SS occurs less frequently in this younger, managed care population than in other reported studies, it still occurs quite frequently, and given the high cost per patient, managed care is significantly challenged by patients who develop SS. With the aging of America and the renewed interest in Medicare managed care programs, enrollment and case-mix in managed care will change. It is important to further define resource needs to improve clinical and economic outcomes. Periodic evaluation of the incidence, mortality, and costs associated with SS in a managed care environment is helpful to appropriately care for patients and to manage resources. 
